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VARIABLE NOZZLE DEVTCB FOR A TURBOCHARGER 

Descrxp-tlon 

The present invention relates to a variable nozzle device 
and in particular to a variable nozzle device for a 
turbocharger. Also, the invention relates to a parallel 
configuration of turbochargers and a method for operating 
the same, a diesel engine boosting system and an engine 
boosting system. 

The International Patent Application PCT/IB03/00042 
discloses a parallel configuration of turbochargers {101, 
102), both turbines (T, T) thereof are connected in 
parallel according to Fig. 11. At low . rotational speeds, 
the second turbocharger is not operated. This configuration 
needs an external control valve (100) for fully closing the 
turbine of the second turbocharger at low rotational 
speeds. At high rotational speeds, the valve must be opened 
to operate the second turbocharger. 

A fully closable nozzle device is known from the Japanese 
Patent Publication JP-A-2002-038964 . The variable nozzle 
device is constituted by pivotable vanes such that a 
geometric arrangement of the flow passage is adjustable. 
The tips of the pivotable vanes respectively abut against 
an. adjacent vane such that the flow passage through the 
nozzle is nearly fully closed. 

It is the object of the present invention to provide means 
for fully closing- the flow passage to the turbine for a 
turbocharger having a simplified and reliable structure. 

The object is solved by a nozzle device for a turbine of a 
turbocharger > comprising a variable annular nozzle defined 
between an inboard wall and an outboard wall, wherein said 
outboard wall is axially movable for completely closing 
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said variable annular nozzle. Advantageously^ the inventive 
nozzle device needs no external control valve for closing 
the turbine . 

Preferably^ an annular arrangement of vanes is interposed 
in said variable annular nozzle^ and said outboard wall is 
constituted by a tube-shaped piston which is axially 
slidable into the radial inside or onto the radial outside 
of said annular arrangement of vanes so as to contact said 
inboard wall. The vanes and the tube-shaped piston regulate 
the exhaust gas flow into the annular nozzle. 

The tube-shaped piston may comprise a stepped portion which 
is axially slidable onto the radial outside of said annular 
arrangement of vanes, wherein the stepped portion directs 
exhaust gas entering into the turbine to the downstream 
side of the turbine. This is advantageously when the 
exhaust gas flow shall bypass the turbine wheel, for 
instance when a catalyst shall quickly be heated up. 

Preferably, the annular arrangement of vanes extends only 
over a part of the maximum interval between said inboard 
and outboard walls so that there is no flow resistance due 
to the vanes when the annular nozzle is fully opened, i.e. 
when the interval between the inboard and outboard walls 
becomes maximum. 

The inboard wall may be constituted by a vaned shroud 
having said annular arrangement of vanes. 

The object is also solved by a engine boosting system 
comprising a parallel configuration of a first and a second 
turbocharger, wherein a turbine of said second turbocharger 
comprises a variable nozzle device which is capable of 
completely closing the nozzle opening thereof. 
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Advantageously, the engine boosting system needs no 
external control valve for closing the turbine. 

The object is also solved by a method for operating an 
internal combustion engine with a parallel configuration of 
turbochargers , wherein the variable nozzle device of the 
second turbocharger (8) completely closes its nozzle 
opening when said second turbocharger (8) is driven under 
low rotational speed of the engine. 

The present invention may be used in a diesel engine 
boosting system comprising a turbocharger comprising a 
compressor and a turbine having the nozzle device according 
to the present invention and control means for closing the 
turbine annular nozzle to an optimum position for engine 
braking where there is provided a high boost pressure and a 
high back pressure at the same time. A diesel engine 
generally requires for an engine braking operation, on the 
one side, a high back pressure upstream of the turbine to 
achieve a high engine brake effect. The back pressure 
upstream of the turbine increases as the opening of the 
nozzle device decreases/ On the other side, the pressure 
within a combustion cylinder of the engine must be on a 
high level for maintaining the high back pressure upstream 
of the turbine. That is, for achieving a high pressure in 
the cylinder, the boost pressure downstream the compressor 
must be high which in turn requires an operation of the 
compressor to some extent. The compressor increases the 
boost pressure as the opening of the nozzle device in the 
turbine increases. Consequently, the opening of the nozzle 
device must be optimised so as to achieve a large back 
pressure upstream the turbine as well as a large boost 
pressure downstream the compressor. The optimisation of the 
nozzle opening is preferable performed by an electronically 
control device, for instance by means of a feedback-control 
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of the back pressure upstream the turbine- The back 
pressure may be detected by means of a pressure detecting 
device which is disposed upstream the turbine. The 
electronically control device variably feedback-controls 
the nozzle opening and must be free of any mechanical 
restrictions thereof. Thus, the variable nozzle device 
according to the present invention is advantageously 
suitable for this diesel engine boosting system because it 
is completely closeable so that there are no mechanical 
restrictions during the optimisation process. 

The present invention may be used in an engine boosting 
system comprising a turbocharger and a catalyst disposed 
downstream of said turbocharger, wherein the turbocharger 
comprises an exhaust gas driven turbine having a turbine 
wheel and an annular nozzle which can be opened such that 
the exhaust gas flow substantially bypasses the turbine 
wheel. The catalyst exhibits its optimum purifying function 
only when the catalyst has reached a specific exhaust gas 
purifying temperature. Thus, at the start of the engine, 
the catalyst must be heated up immediately. For doing so, 
the nozzle device of the turbine, which is normally fully 
closed at low rotational speeds, is opened even at low 
rotational speeds at the start of the engine such that the 
exhaust gas flow substantially bypasses the turbine wheel 
of said turbine. The full open position of the nozzle 
device prevents heat loses at the turbine for heating up 
the catalyst very quickly. 

Preferred embodiments of the invention are explained by way 
of examples with reference to the accompanying drawings. 

Fig. 1 shows a lateral section of a turbine having a nozzle 
device according to a first embodiment of the present 
invention. 
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Fig. 2 shows a lateral section of a turbine having a nozzle 
device according to the first embodiment of the present 
invention. 

Fig. 3 shows a lateral section of a turbine having a nozzle 
device according to the first embodiment of the present 
invention . 

Fig. 4 shows a lateral section of a turbine having a nozzle 
device according to the first embodiment of the present 
invention. 

Fig. 5 shows a vaned shroud of the nozzle device according ■ 
to the first embodiment of the present invention. 

Figs. 6A and 6B show an assembly of the vaned shroud and a 
tube-shaped piston of the nozzle device according to the 
first embodiment of the present invention. 

Fig. 7 shows schematically a parallel configuration of 
turbochargers, wherein one of the turbochargers comprises a 
nozzle device according to the first embodiment of the 
present invention. 

Fig. 8 shows an application of the turbocharger having a 
nozzle device according to the present invention in a 
diesel engine boosting system. 

Fig. 9 shows an application of the turbocharger having a 
nozzle device according to the present invention in an 
engine boosting system. 



wo 2005/059317 



PCT/EP2003/014013 



-6 - 

Fig. 10 shows another application of the turbocharger 
having a nozzle device according to the present invention 
in an engine boosting system. 

Fig. 11 shows schematically parallel configuration of 
turbochargers according to the prior art. 

A first embodiment of the present invention is explained 
with reference to the Figs. 1 to 4. 

Turbocharger 

The nozzle device according to the invention is part of a 
turbocharger 8. The turbocharger 8 basically comprises an 
exhaust gas driven turbine 1 and an inlet air compressor 
{not shown) . The inlet air compressor is driven by power 
generated by the exhaust gas driven turbine 1, wherein a 
turbine wheel 13 of the. exhaust gas driven turbine 1 is 
mounted on a common shaft with a compressor impeller (not 
shown) of the inlet air compressor. 

Turbine 

The turbine 1 is provided with a housing (not shown) having 
an exhaust gas inlet (not shown) and an annular nozzle 2 
for guiding the exhaust gas from the exhaust gas inlet to a 
turbine wheel 13 of the exhaust gas turbine 1. 

Annular Nozzle 

In Figs, 1 to 4, the variable annular nozzle 2 is defined 
between an inboard wall 3 and an outboard wall A, wherein 
said outboard wall 4 is axially movable for opening and 
completely closing said variable annular nozzle 2. An 
opening degree of the annular nozzle 2 is defined by the 
variable distance between the inboard and the outboard wall 
4 . The exhaust gas flow guided through the annular nozzle 2 
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rotates the turbine wheel 13 in accordance to the opening 
degree of the annular nozzle 2. 

Inboard wall 

The inboard wall 3 of the nozzle device according to the 
first embodiment is constituted by a vaned shroud 7 having 
an annular arrangement of fixed vanes 5 thereon. Thus^ the 
fixed vanes 5 are interposed in said variable annular 
nozzle 2 to force the flow of the exhaust gas into a 
predetermined direction, as it is shown in Figs. 2 to 4. 

Fig. 5 shows the vaned shroud 7 having the fixed vanes 5 in 
more detail. The shroud 7 comprises a fixed vane support 
plate 3 serving as the inboard wall 3, The fixed vane 
support plate 3 is substantially circular in shape and is 
provided with an opening in a center portion thereof. The 
fixed vanes 5 are arranged on one surface of the fixed vane 
support plate 3 so as to protrude therefrom. The vanes 5 
are substantially fan-shaped and slightly oblique with 
respect to the tangent of the fixed vane support plate 3. 
The design of the vanes 5 is optimised to get maximum 
efficiency of the turbine 1 at a transition phase which is 
shown in Fig. 2. On the opposite side of the fixed vane 
support plate 3, the tips of the fixed vanes 5 are 
connected with a fixed vane tip ring 19. The fixed vane tip 
ring 19 increases the rigidity of the fixed vanes 5, and 
furthermore, the fixed vane tip ring 19 contributes to 
direct the exhaust gas flow 18 to the turbine wheel 13, as 
it can be gathered from Figs . 2 to 4 . 

Outboard wall 

With reference back to Figs. 1 to 4, the outboard wall 4 of 
the nozzle device according to the first embodiment is 
constituted by a tube-shaped piston 6 which is axially 
slidable into the radial inside of said annular arrangement 
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of vanes 5 so as to contact said inboard wall 3. 
Alternatively, the tube-shaped piston may be axially 
slidable onto the radial outside of said annular 
arrangement of vanes 5. According to Figs. 6A and 6B, the 
tube-shaped piston 6 is provided so as to substantially 
surround the exhaust gas turbine wheel 13. The tube-shaped 
piston 6 forms downstream thereof an exhaust gas outlet 20 
of the turbocharger apparatus. The tube-shaped piston 6 is 
preferably driven by a pneumatic actuator (not shown) 
connected to a driving rod 21 of the tube-shaped piston 6. 

In Figs. 1 to 4, the tube-shaped piston 6 according to the 
first embodiment comprises a stepped portion 17 at its 
distal end, which is axially slidable into the radial 
inside of the fixed vanes 5. The stepped portion 17 
comprises a small outer diameter portion at the distal end 
of the tube-shaped piston 6 and a large outer diameter 
portion adjacent thereto. The stepped portion 17 according 
to the first embodiment enables to accurately fit the end 
of the tube-shaped piston 6 between the turbine wheel 13 
and the fixed vanes 5, as it is shown in Fig. 1. 

In Figs. 6A and 6B, the vaned shroud 7 is assembled with 
the tube-shaped piston 6. Fig. 6A shows the half -opened 
nozzle 2 in accordance to Fig. 2, while Fig. 6B shows the 
fully opened nozzle 2 in accordance to Fig. 4. From Fig. 6B 
it is obvious that the annular arrangement of vanes 5 
extends only over a part of the maximum interval between 
said inboard and outboard walls 3, 4, i.e. the maximum 
interval between the shroud 7 and the tube-shaped piston 6 
when the nozzle 2 is fully opened. This is because the 
vanes 5 are optimised to get maximum efficiency of the 
turbine 1 in particular at the transition phase which is 
shown in Fig. 2. When the annular nozzle 2 is fully opened. 
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primarily a maximum exhaust gas flow is required which must 
not be restricted by any vanes. 

Fig. 7 shows a parallel configuration of turbochargers, 
comprising a first turbocharger 9 having a first turbine 23 
and a first compressor 24, and a second turbocharger 8 
having a second turbine 1 and a second compressor 25, 
wherein the first and second turbines 23, 1 as well as the 
first and second compressors 24, 25 of both turbochargers 
9, 8 are connected generally parallel in relation to an 
internal combustion engine, respectively (not shown) . 

According to the configuration, fresh air is fed in 
parallel to each of the compressors 24, 25 by means of a 
first fresh air conduit 26 and second fresh air conduit 27, 
and the air discharged from the compressors 24, 25 is 
guided through an in^ercooler (not shown) to the intake 
side of the internal combustion engine (not shown) . In the 
parallel configuration* of turbochargers, the second 
compressor 25 is provided with an air re-circulation valve 
28 using air flow regulating means for adjusting the amount 
of the re-circulated air. The re-circulation system in this 
embodiment includes a bypass conduit 29 with a butterfly 
valve 28 for adjusting the air mass-flow re-circulated back 
into the second fresh air conduit 27. At the exit of the 
second compressor 25, an additional butterfly valve 30 is 
provided for adjusting the flow of fresh air being 
discharged from the second compressor 25 into the engine. 

At the turbine side of the configuration, the exhaust from 
the engine is fed through a first exhaust conduit 31 and a 
second exhaust conduit 32 to the first and second turbines 
23, 1, respectively. The first turbine 23 of the first 
turbocharger 9 is bypassed by a bypass passage 33 with a 
corresponding waste gate valve 34. The second turbine 1 of 
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the second turbocharger 8 is equipped with a nozzle device 
according to the present invention, as it is shown in Figs. 
1 to 4 . Alternatively, the second turbine 1 may be provided 
with movable vanes which are capable to completely closing 
the annular nozzle. The movable vanes of this modification 
replace the fixed vanes according to the first embodiment, 
and similar effects as in the first embodiment are achieved 
by the nozzle device with movable vanes. 

In the following, the operation of the parallel 
configuration of turbochargers will be described. 

The parallel configuration of turbochargers according to 
Fig. 7 allows a highly efficient function of the internal 
combustion engine at low, medium and high rotational speeds 
of the internal combustion engine. 

At a lov; rotational speed of the internal combustion 
engine, for instance at about 1000-2000 rpm, the tube- 
shaped piston 6 fully closes the annular nozzle 2 of the 
second turbocharger 8 as shown in Fig, 1. Advantageously, 
when the tube-shaped piston 6 closes the annular nozzle 2 
of the second turbine 1 of the second turbocharger 8, the 
exhaust gas flow to the turbine 1 of the second 
turbocharger 8 is removed to avoid oil leakage from the 
bearing system thereof. The exhaust gas flow to the first 
turbine 23 of the first turbocharger 9 is reduced to ensure 
an idling rotation of the first turbocharger 9. 

Under this condition, the speed of the first turbocharger 9 
is controlled by means of the waste gate valve 34. At this 
stage, only the first turbocharger 9 works normally to 
supercharge the engine. 
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At the low rotational speed, the butterfly valve 28 is open 
so that a re-circulation at the second compressor 25 is 
achieved. Due to the particular design of the 
configuration, during the re-circulation, the pressure in 
the second compressor 25 can be lowered so that the trust 
load becomes less important and the reliability is 
improved. The additional butterfly valve 30 remains closed 
and the first compressor 25 works normally to supercharge 
the engine. 

In the range of a medium rotational speed of the internal 
combustion engine, for instance at about 2000-2500 rpm, the 
tube-shaped piston 6 opens progressively so as to regulate 
the pressure before the second turbine 1, as shown in Figs. 
2 and 3, and the exhaust gas flow 18 drives the second 
turbine 1 of the second turbocharger 8. In the same time, 
the butterfly valve 28 is progressively closed in order to 
balance the power between the second compressor 25 and the 
second turbine 1, so that by operation of the butterfly 
valve 28, the speed of the second turbocharger 8 can be 
regulated. 

In the range of a high rotational speed of the internal 
combustion engine, for instance at about 2500 - 4000 rpm, 
the tube-shaped piston 6 is completely or almost completely 
open, as shown in Fig. 4. The speed of the first turbine 23 
is regulated by means of the waste gate valve 34. During 
this operation, the additional butterfly valve 30 is open 
and the butterfly valve 28 is totally closed to balance the 
power between the second compressor 25 and the second 
turbine 1 . 

Fig. 8 shows an application of the turbocharger 8 having a 
nozzle device according to the present invention in a 
diesel engine boosting system. 
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The diesel engine boosting system basically comprises a 
single turbocharger 8 having a turbine 1 and a compressor 
35 for a diesel engine 36. The turbine 1 includes a 
variable nozzle device according to the present invention. 
The air which is discharged from the compressor 35 is 
cooled by an intercooler 37 disposed between the compressor 
35 and the engine 36. Thereby, the flow rate of the 
compressed air into the engine 36 is increased. At the 
intake side of the compressor 35, an air cleaner 38 for 
cleaning the intake air is disposed. 

A diesel engine 36 generally requires for an engine braking 
operation, on the one side, a high back pressure upstream 
of the turbine 1 to achieve a high engine brake effect. The 
back pressure upstream of the turbine 1 increases as the 
opening of the nozzle device decreases. 

On the other side, the pressure within a combustion 
cylinder of the engine 36 must be on a high level for 
maintaining the high back pressure upstream of the turbine 
1. That is, for achieving a high pressure in the cylinder, 
the boost pressure downstream the compressor 35 must be 
high which in turn requires an operation of the compressor 
35 to some extent. The compressor 35 increases the boost 
pressure as the opening of the nozzle device in the turbine 
1 increases. 

Consequently, the opening of the nozzle device must be 
optimised so as to achieve a large back pressure upstream 
the turbine 1 as well as a large boost pressure downstream 
the compressor 35. The optimisation of the nozzle opening 
is preferable performed by an electronically control device 
(not shown) , for instance by means of a feedback-control of 
the back pressure upstream the turbine 1. The back pressure 
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may be detected by means of a pressure detecting device 
(not shown) which is disposed upstream the turbine 1. The 
electronically control device variably feedback-controls 
the nozzle opening and must be free of any mechanical 
restrictions thereof. Thus, the variable nozzle device 
according to the present invention is advantageously 
suitable for this diesel engine boosting system because it 
is completely closeable so that there are no mechanical 
restrictions during the optimisation process. 

Fig. 9 shows an application of the turbocharger 8 having a 
nozzle device according to the present invention in an 
engine boosting system. 

The engine boosting system basically comprises a single 
turbocharger 8 having a turbine 1 and a compressor 35 for 
an engine 39, preferably for a gasoline engine 39. 

The air which is discharged from the compressor 35 is 
cooled by an intercooler 37 disposed between the compressor 
35 and the engine 39. Thereby, the flow rate of the 
compressed air into the engine 39 is increased. At the 
intake side of the compressor 35, an air cleaner 38 for 
cleaning the intake air is disposed. 

The turbine 1 includes a variable nozzle device according 
to the present invention. At the outlet side of the turbine 
1, a catalyst 40 for purifying the exhaust gas is disposed. 
The catalyst 40 exhibits its optimum purifying function 
only when the catalyst has reached a specific exhaust gas 
purifying temperature. Thiis, at the start of the engine 39, 
the catalyst 4 0 must be heated up immediately. For doing 
so, the nozzle device of the turbine 1 is opened even at 
low rotational speeds at the start of the engine 39 such 
that the exhaust gas flow substantially bypasses the 
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turbine wheel 13 of said turbine 1. The full open position 
of the nozzle device prevents heat loses at the turbine 1 
for heating up the catalyst 40 very quickly. 

Preferably, this method for heating up the catalyst 40 at 
the start of the engine 39 is suitable in a system 
comprising a turbocharger 8 having the nozzle device 
according to the present invention, where the nozzle 
device, which is completely closeable, must be forced to be 
open at the start of the engine 39. 

Fig. 10 shows a nozzle device 12 of a turbine in a 
turbocharger according to a second embodiment of the 
present invention in an engine boosting system. The upper 
half shows the closed position, whereas the lower half 
shows the opened position. 

The nozzle device according to the second embodiment 
comprises a variable annular nozzle 2 defined between an 
inboard wall 3 and a tube-shaped piston 106, wherein an 
annular arrangement of vanes 5 protrudes from said inboard 
wall 3. 

The nozzle device according to the second embodiment 
structurally differs from the first embodiment in that said 
tube-shaped piston 10 6 comprises a stepped portion 117 
which is axially slidable onto the radial outside of said 
annular arrangement of vanes 5 so as to contact said 
inboard wall 3. 

The stepped portion 117 comprises a large inner diameter 
portion at the distal end of the tube-shaped piston 106 and 
a small inner diameter portion adjacent thereto. Thus, the 
stepped portion 117 has a geometrical shape for directing 
the exhaust gas entering into the turbine 1 more 
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appropriately to the downstream side of the turbine wheel 
13. 

The thus shaped nozzle device is advantageously suitable in 
an engine boosting system according to Fig. 9 for quickly 
heating up the catalyst 40. 

Although the invention is explained in detail with 
reference to the particular embodiment, the invention is 
not limited to the structures of the embodiment. In 
particular, instead of fixed vanes 5, movable vanes can be 
implemented. It is to be noted that the movable vanes may 
be operated separately or in combination with the tube- 
shaped piston 6, 106. 



